In Escherichia coli, the expression of many genes is positively regulated by a specific activator protein (13) . Examples are the ompF and ompC genes, which code for major outer membrane proteins OmpF and OmpC, respectively, and are positively regulated by the OmpR protein (4-6, 10, 11) . In a previous work (2), we showed that the A-to-T substitution by mutation of the first base of the Pribnow box of the ompF gene renders ompF expression independent of both OmpR and the domain upstream from the -35 region. We also presented a view that many of the positively regulated genes possess bases other than thymine at this position to weaken the promoter function in the absence of the positive regulators. To test this view more critically, in the present work we changed the first base of the Pribnow box of the ompF and ompC genes to different bases by site-directed mutagenesis and characterized the functioning of the mutant promoter.
The E. coli K-12 strains and plasmids used are listed in Table 1 . In MC4100 recA and MH1160 recA, the recA mutation was introduced by conjugation with KL16-99Nalr.
For 0-galactosidase assay (9), cells were grown in M9-0.2% glycerol. All other experiments were carried out in L broth.
When required, ampicillin (50 jig/ml) was added. The sitedirected mutagenesis was carried out as described previously (12) .
For substitution of the first base of the ompC Pribnow box, pOMPC-X338 and pOMPC-X1l1 carrying ompC-lacZ hybrid genes were used. In pOMPC-X338, the ompC promoter region carries the 88-base-pair nucleotide upstream from the -35 region that is required for the OmpRdependent functioning of the ompC promoter, whereas in pOMPC-X1l1 this upstream domain has been deleted, and hence the promoter is almost completely inactive (11) . The site-directed substitution from G to T of the first base of the ompC Pribnow box was carried out (Fig. 1A) . Plasmids thus constructed were transferred to MH1160recA (Alac ompR101), and Lac' transformants were isolated as putative promoter mutants. Plasmids pOYH338 and pOYH101 were thus selected. The XbaI-HindIII fragment shown in Fig. 1B was isolated from the plasmids, and the DNA sequence was determined to confirm the structure of the mutant promoters. However, since the Lac' phenotype of these high-copynumber plasmids was unstable in the ompR+ host cells, the * Corresponding author. Co., Ltd., Hiromachi, Shinagawa-ku, Tokyo 140, Japan. mutant ompC-lacZ region was constructed in a low-copynumber plasmid, pOY009 (Fig. 1A) . The ompC-lacZ genes in pOMPC-X338 and pOMPC-X1l1 were also transferred into pOY009 by the same method to construct pOYL338W and pOYLlOiW, respectively.
Expression of the lacZ gene under the control of the four different ompC promoters shown in Fig. 1B was examined in the ompR+ and ompR backgrounds. The results are summarized in Table 2 . After a G-to-T substitution at the first position of the Pribnow box, an appreciable amount of ,-galactosidase was formed regardless of the presence or absence of the upstream domain in both the ompR+ and ompR backgrounds (pOYL338 and pOYL101); namely, the OmpR protein and the domain upstream from the -35 region were no longer required for the functioning of the ompC promoter. It should also be noted here that although expression of the ompC-lacZ genes carrying a mutant Pribnow box was as high in the ompR background as that of the wild-type ompC-lacZ genes in the ompR+ background, the expression was additively enhanced by the OmpR protein when the domain upstream from the -35 region was present. No enhancement of the activity was observed in the ompR+ background when pOYL101 was used.
Substitution of the first base of the ompF Pribnow box was also carried out. An ompF-lacZ hybrid gene was used (6) . The hybrid gene was subcloned into pKEN403, a low-copynumber plasmid, and subjected to site-directed mutagenesis ( Fig. 2A) . Plasmids carrying mutant promoters were transferred to MH1160recA (Alac ompR101) and selected by colony hybridization by using oligonucleotides, which were used for the site-directed mutagenesis, as probes. The XbaIHindIII fragments shown in Fig. 2B were isolated from individual plasmids, and the DNA sequences were determined to confirm the structure of the mutant promoters. Expression of the lacZ gene under the control of the mutant ompF promoters was examined in the ompR+ and ompR backgrounds. The results are also summarized in Table 2 . Consistent with the results with the naturally obtained promoter mutant (2) , the A-to-T substitution induced a high level of OmpR-independent expression of the lacZ gene. The substitution from A to G or C also resulted in a severalfold increase in lacZ gene expression in the ompR background, although the level of expression was too low to be compared with that obtained when T was at the position. In the ompR+ background, in contrast, the functioning of the promoters was significant regardless of whether the first position was A, T, G, or C. For an unknown reason, pOY012M1 was very (2) Site-directed mutagenesis of the ompF promoter region of an ompF-lacZ hybrid gene carried by pKI004. The promoter region and the coding region for the five N-terminal amino acid residues of the ompF gene are shown (Z). This region is followed in frame by the coding region of the lacZ gene devoid of the nucleotide sequence for the first eight N-terminal amino acid residues. Restriction endonuclease cleavage sites are abbreviated as in Fig. 1. (A 1. box with thymine at the first position, is dependent on the OmpR protein. With arabinose operons which require specific activator proteins, the first position was claimed to be thymine (14, 15) .
Another interesting finding was that although expression of both the ompC-lacZ and ompF-lacZ genes carrying thymine at the first position of the Pribnow box was significant even in the ompR background, the expression was further enhanced by the OmpR protein when the domain upstream from the -35 region was present. These results suggest that the OmpR protein with its target domains at the upstream region of these promoters and the Pribnow box have independent influence upon the promoter function.
We compared the activity of the ompF promoters having four different bases at the first position of the Pribnow box. Interestingly, the Pribnow box with the wild-type nucleotide sequence exhibited the lowest activity in the ompR background, whereas the activities were comparable among them all in the ompR+ background. Although the physiological importance of the positive control of the ompF and ompC genes remain unknown, the evidence suggests that E. coli cells need strict control under certain circumstances.
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